Introduction {#S0001}
============

Despite the decline in the incidence of gastric cancer worldwide, it is still the third most common tumor in underdeveloped countries and one of the most deadly malignancies.[@CIT0001] Liver metastases in advanced gastric cancer often occur, suggesting a poor prognosis. Although some progress has been made in systemic therapy, liver metastases from gastric cancer (LMGC) are still incurable and affect patients' long-term survival.[@CIT0002]

Theoretically, liver tumors are primarily supplied by the hepatic artery, while normal liver tissues derive blood supply from the portal vein.[@CIT0003] Hepatic artery infusion (HAI) chemotherapy allows most of the drugs to be delivered to the liver metastatic lesion, thus increasing antitumor activity and reducing systemic toxicity. HAI chemotherapy provides a useful treatment option for patients with liver metastases, who are initially unsuitable for surgery or ablation. In particular, the clinical effect of HAI chemotherapy in patients with liver metastases from colorectal cancer has been confirmed,[@CIT0004]--[@CIT0006] which prompted us to explore the efficacy and the safety of HAI chemotherapy in patients with extensive LMGC.

Patients and Methods {#S0002}
====================

Patient Selection {#S0002-S2001}
-----------------

All patients in this retrospective study were diagnosed with gastric cancer and extensive liver metastases by histopathology and radiographic imaging between March 2012 and March 2019. Inclusion criteria included: Eastern Cooperative Oncology Group (ECOG) performance status≦2, no obvious liver and renal dysfunction, no previous history of chemotherapy. Liver metastases were identified as unresectable. The grade of liver metastases was assessed as H3, or the maximum diameter was greater than 5 cm in H1 and H2 patients. Exclusion criteria included brain metastases, other primary tumors, serious liver or renal dysfunction, obstruction or bleeding caused by primary tumor.

Implantation of Port System {#S0002-S2002}
---------------------------

The catheter/port system (Celsite, B. Braun, Chasseneuil, France) was implanted by fixed catheter tip method as described previously.[@CIT0007] Hepatic arterial angiography prior to port-catheter implantation was performed to assess arterial supply to extrahepatic adjacent organs. The gastroduodenal artery, right gastric artery and left gastric artery were embolized with metallic coils (Tornade, Cook, Bloomington, IL, USA) to prevent the gastrointestinal mucosa injury caused by chemotherapy drugs. In addition, before each hepatic arterial infusion, angiography was performed by injecting contrast agent via the port system to ensure that the port-catheter was not blocked and displaced.

Treatments {#S0002-S2003}
----------

All patients received oral S-1 (80mg/m^2^/day, twice daily for 14 days, and rest for 7 days). After HAI with oxaliplatin (130mg/m^2^/30min), a 14-day continuous infusion was started by filling elastomeric infusion pump (Accufuser, Woo Young Medical Co., Ltd, Korea), connected to the port-catheter system, with floxuridine (FUDR) (0.15 mg/kg/day) and dexamethasone (DXM) (1 mg/m^2^/day) dissolved in 250 mL heparinized saline. Patients received the above treatment regimen repeatedly every 21 days until the disease progressed and/or intolerable side effects.

Efficacy and Toxicity Evaluation {#S0002-S2004}
--------------------------------

Treatment effectiveness was assessed every 2 or 3 cycles of treatment according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.[@CIT0008] Complete response (CR) was defined as disappearance of all target lesions. Partial response (PR) was considered as a least a 30% decrease in the sum of diameters of target lesions, taking as reference the baseline sum diameters. Drug toxicity was evaluated using the NCI Common Terminology Criteria for Adverse Events (v 5.0).

Statistical Analysis {#S0002-S2005}
--------------------

No formal statistical comparisons between the subgroups of the patients were performed because the sample size of this study is small. The time-related parameters were obtained by the Kaplan--Meier method. All data were analyzed using SPSS version 13.0.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

21 patients (16 males and 5 females) with unresectable LMGC received HAI and systemic chemotherapy. The characteristics of all patients are listed in [Table 1](#T0001){ref-type="table"}. The median age was 68±5.9 years (range, 58 to 80). Surgical operations for primary cancer included radical operation in seven patients (33.3%) and palliative operation in 1 patient (4.8%). Baseline CT scans revealed that liver metastases in 16 patients (76.2%) were evaluated as H3. 12 patients (57.11%) were determined by CT scans to have extrahepatic metastases, five of them had lung metastases, and 10 had abdominal lymph node metastasis. The median number of treatment cycles that patients received was 5 (range 2--16).Table 1Patient CharacteristicsCharacteristicsNumber of Patients (%)Age (years) Mean ±SD, years68±5.9 Range58--80Sex Male16 (76.2%) Female5 (23.8)ECOG performance status 015 (71.4) 14 (19.1) 22 (9.5)Operation No gastrectomy13 (61.9) Curative gastrectomy7 (33.3) Noncurative gastrectomy1 (4.8)Histology Moderately differentiated14 (66.7) Poorly differentiated7 (33.3)Onset Synchronous14 (66.7) Metachronous7 (33.3)Liver metastasis H13 (14.3) H22 (9.5) H316 (76.2)Extrahepatic Lesions Negative9 (42.9) Positive12 (57.11)

Tumor Response and Survival {#S0003-S2002}
---------------------------

Following treatment, 14 out of 21 (66.7%) had PR. In addition, 2 patients (9.5%) achieved CR and an overall response rate (ORR) reached 76.2%. [Table 2](#T0002){ref-type="table"} shows the details of the tumor responses. The median survival time (MST) was 12.3 months ([Figure 1](#F0001){ref-type="fig"}). Intrahepatic and extrahepatic median progression-free times were 9.5 and 5.2 months, respectively (hazard ratio 0.85; 95% CI, 0.44--1.67; P=0.6328), which had no statistically significant difference ([Figure 2](#F0002){ref-type="fig"}). Encouragingly, 2 patients got the opportunity for surgery after treatment.Table 2Tumor ResponseResponseNo. of Patients (%)Complete response2 (9.5)Partial response14 (66.7)Stable disease2 (9.5)Progressive disease3 (14.3)Overall response rate16(76.2) Figure 1Kaplan--Meier curves for overall survival.Figure 2Kaplan--Meier curves for time to intrahepatic and extrahepatic progression.

Adverse Events {#S0003-S2003}
--------------

The major adverse events were bone marrow suppression, nausea/vomiting, fatigue, diarrhea, as well as hepatic dysfunction ([Table 3](#T0003){ref-type="table"}). All patients did not have the toxicity of grade 4. Of the grade 3 adverse events, bone marrow suppression and diarrhea were observed in 3 of 21 patients (14.3%) and 2 of 21 patients (9.5%), respectively. The other treatment-related toxicities were mild and reversible.Table 3Adverse Effects of the Combinational ChemotherapyAdverse EffectGrade 1 (%)Grade 2(%)Grade 3\*(%)Bone marrow suppression3 (14.3)2 (9.5)3 (14.3)Nausea/vomiting1 (4.8)00Fatigue4 (19.0)1 (4.8)0Diarrhea2 (9.5)2 (9.5)2 (9.5)Hepatic dysfunction2 (9.5)2 (9.5)0[^1]

Discussion {#S0004}
==========

Liver metastases in patients with gastric cancer often indicate poor prognosis. Currently, systemic chemotherapy is the major treatment strategy. However, the efficacy of systemic chemotherapy in patients with LMGC is not satisfactory, demonstrating ORR of 50--53.3% and MST of 9.7--11.4 months.[@CIT0009]--[@CIT0011] This provides the impetus for us to explore more reasonable comprehensive treatment methods. The occurrence of liver metastases is expected to determine the survival time of patients with advanced gastric cancer. Therefore, inhibiting the progression of liver metastases often determines the success or failure of treatment. Nowadays, HAI chemotherapy has been widely used in the treatment of patients with colorectal liver metastases (CRLM) and has achieved remarkable results.[@CIT0004]--[@CIT0006] However, there are few clinical studies of HAI combined with systemic chemotherapy for patients with LMGC.

Encouraged by the good results of the treatment of CRLM, researchers have turned their attention to the application of HAI chemotherapy in the treatment of LMGC. Yonemura et al[@CIT0012] studied the effect of systemic administration of mitomycin C (MMC), HAI of MMC and HAI of MMC plus cisplatin (CDDP) against the prognosis of patients with LMGC. The median survivals of patients were 3.1, 2.7 and 11.8 months, respectively, which indicated that HAI chemotherapy improved the survival time of LMGC compared with systemic chemotherapy. Moreover, the selection of the chemotherapeutic agents was also important. Similarly, in two retrospective studies,[@CIT0013],[@CIT0014] patients with LMGC were treated by HAI of 5-fluorouracil (5-FU) + epirubicin (EPIR) + MMC (FEM) regimen as first or second-line therapy. ORR was 42.9--73% and MST was 12.7--15 months. However, a Phase II study, including 88 patients, showed that the FEM regimen administered by HAI for unresectable LMGC induced a high﻿-response rate, but most of them died because of the progression of extrahepatic metastases.[@CIT0015] In another study, Ojima et al[@CIT0016] retrospectively evaluated the efficacy of HAI for synchronous LMGC. Although ORR of HAI was 83%, there was no benefit in survival time. These studies suggested that liver metastases from gastric cancer were well controlled by HAI chemotherapy. However, extrahepatic growth of the tumor was not suppressed during HAI therapy alone because chemotherapy drugs were concentrated in the liver tumor. So we initially treated the patients with HAI combined with systemic chemotherapy.

In the G-SOX Phase III study,[@CIT0017] S-1 and oxaliplatin (SOX) regimen, as the first-line treatment for advanced gastric cancer, had similar efficacy to the S-1 and cisplatin (SP) regimen. Considering that forced hydration is not required, the SOX regimen is safer and more convenient. So it is now being often used to treat patients with advanced gastric cancer in China and Japan. In our study, the SOX regimen was chosen because the patients were in relatively poor physical condition due to extensive liver metastases. Considering that liver metastases were the primary limiting factor of survival compared with extrahepatic tumors, oxaliplatin was administered via the port-catheter system. HAI with oxaliplatin is based on some pharmacological studies, which suggest oxaliplatin is higher drug availability in the liver, and it is concentrated in the tumor.[@CIT0018],[@CIT0019] Floxuridine (fluorodeoxyuridine, FUDR), which is an antimetabolite derivative of 5-FU, has been shown to have a short half-life and high liver extraction rate (\>90%).[@CIT0020]--[@CIT0022] Therefore, FUDR is suggested as an ideal chemotherapy drug for HAI treatment and adopted in this study.

In our study, ORR was 76.2%, and MST of all patients was 12.3 months. Moreover, there was no statistical difference between the median times to hepatic and extrahepatic progression. The results suggested that HAI combined with systemic chemotherapy for LMGC could not only effectively control extensive liver metastases, but also prevent rapid extrahepatic progression, thus contributing to long-term survival. In the 1990s, two studies revealed HAI chemotherapy combined with hyperthermia achieved a higher response rate and longer survival time.[@CIT0023],[@CIT0024] A prospective study evaluated the efficacy of HAI chemotherapy combined with RFA for 7 patients with LMGC. The result showed ORR after HAIC was 71%. Followed by RFA, no intrahepatic recurrences occurred.[@CIT0025] This finding suggests that combination therapy with HAI and RFA is easier to achieve complete eradication of liver lesions and increase the survival time of patients with LMGC. In addition, the rate of recurrence after hepatectomy for LMGC is quite high, which suggests the presence of occult liver metastases after surgery.[@CIT0026] Therefore, two retrospectively studies[@CIT0027],[@CIT0028] evaluated the efficacy of adjuvant HAI after hepatectomy for GCLM. The findings indicated adjuvant HAI after hepatectomy for LMGC prevented remnant liver recurrence.

Complications associated with implantation of port system were infection, catheter displacement and thrombosis, while specific toxicities of HAI consist of reactive gastric or duodenal mucosal lesions, chemical hepatitis and biliary sclerosis.[@CIT0029]--[@CIT0031] Fortunately, none of these adverse events occurred in this study, possibly due to the use of fixed catheter tip method, embolization of the arteries supplying adjacent organs and good postoperative nursing. Moreover, the incidence of adverse reactions related to chemotherapy was low and most observed toxicities (nausea/vomiting, fatigue and hepatic dysfunction) were tolerable. All patients did not have the toxicity of grade 4. Of the grade 3 adverse events, bone marrow suppression occurred in 14.3% of patients and diarrhea was 14.3%. The incidence of complications was lower than that of systemic chemotherapy reported to date, and this lower toxicity improved the quality of life.

We find that HAI chemotherapy is useful for inhibiting liver metastases and achieving long-term survival of patients with LMGC. Especially when liver metastases are extensive, it can effectively decrease the number and size of tumors, thus allowing patients to obtain surgical opportunities. Encouragingly, two patients in this study got the opportunity for surgery after chemotherapy and had no intrahepatic recurrence for a long time. Moreover, HAI chemotherapy has a practical value in the management of liver metastases and complete remission can be achieved in selected patients with LMGC. Finally, we acknowledge that the limitations of this study are the small sample size and retrospective study.

Conclusion {#S0005}
==========

HAI combined with systemic chemotherapy for extensive LMGC seems to be effective, as reflected in the high-response rate, relatively long survival time, and mild toxicity. The results of this study provide background data for future trials. Large-scale prospective studies are needed to further clarify the clinical benefits of HAI chemotherapy.
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[^1]: **Note:** \*No toxicity of grade 4 or worse was observed.
